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ABSTRACT

An improved spectral shift-producing rod in a fuel as- -
sembly of a nuclear reactor has an elongated hollow
tubular body with a pair of end plugs attached to its
opposite ends to hermetically seal the rod. A burnable -
poison material 1s contained in the hollow body. The

“material generates a gas within the body as operation of

the reactor proceeds. Also, the material is soluble in
moderator water when brought into contact with the
same. The rod has a weakened structural region which
is subject to rupture at a given level of internal pressure.
Preferably, the weakened region takes the form of a

- thinned disc-like portion formed in at least one of the
~end plugs. The water soluble material within the rod

depresses power initially by absorbing neutrons. Ab-
sorption of neutrons causes generation of helium gas
which increases internal pressure within the rod. When
the internal pressure exceeds the rupture strength of the
weakened region of the rod, the hermetic seal is broken

‘and water enters the rod. The absorber material is grad-

ually dissolved so that eventually the rod fills with
water. This results in increase moderation which pro-
vides extra reactivity within the fuel assembly.

6 Claims, 4 Drawing Figures
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NUCLEAR FUEL ASSEMBLY WITH IMPROVED
' SPECTRAL SHIFT-PRODUCING RODS

CROSS REFERENCE TO RELATED
APPLICATION

Reference is hereby made to the following co-pend-
ing United States patent application dealing with sub-
ject matter related to the present invention: “Moderator
Control Apparatus For A Nuclear Reactor Fuel As-
sembly” by D. B. Lancaster et al, U.S. Ser. No. 623,744,
- filed June 22, 1984.

BACKGROUND OF THE INVENTION

1. Field of the Invention .
The present invention relates generally to nuclear

4,687,621
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‘the end cap to the point where the external water pres-
~sure opens the end cap and fills the rod with water.

A further approach used to remove the displacement

" is the provision of at least one rod in the fuel assembly

5
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reactors and, more particularly, is concerned with a

nuclear fuel assembly therein employing at least one rod
which contains water soluble neutron absorber material
and has a weaken region rupturable at a given internal
pressure for allowing entry of water and dissolution of
~ the material so as to thereby produce a spectral shift
~which increases reactivity.

2. Description of the Prior Art

In the conventional designs of pressurized water re-
actors (PWR), an excessive amount of reactivity is de-
signed into the reactor core at start-up so that as the

20
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reactivity is depleted over the life of the core there will

still be sufficient reactivity to sustain core operation
over a long period of time. However, since an excessive
amount of reactivity is designed into the reactor core at

~ the beginning of the core life, steps must be taken at that

time to properly control it.

One technique to control reactivity is to produce an
initial spectral shift which has the effect of increasing
the epithermal (low reactivity) part of the neutron spec-
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trum at the expense of the thermal (high reactivity) part.

This results in production of fewer thermal neutrons
and decreased fission. Then, as fission decreases during
extended reactor operation, a reverse shift back to the
thermal part of the neutron spectrum at the expense of
the epithermal part is undertaken. Such control tech-
- nique 1s primarily accomplished through the use of
displacer rods. As the name implies, these rods are
placed in the core to initially displace some of the mod-
erator water therein and decrease the reactivity. Then,
at some point during the core cycle as reactivity 1s
consumed, the displacement associated with these rods
is removed from the core so that the amount of modera-
tion and therewith level of reactivity in the core are
increased.

One approach considered for removing this displace-
ment is through the use of movable mechanisms, similar
to those associated with control rods. Such an approach
1s described in U.S. patent application entitled *“An
Improved Water Displacer Rod Spider Assembly For
- A Nuclear Reactor Fuel Assembly” by Trevor A. Fran-
~cis, filed Mar. 30, 1984 and assigned U.S. Ser. No.
595,154.

Another approach contemplated for removing the
~ displacement is to have membranes provided on the
ends of the displacer rods which are penetrated at some
point in time to allow the rods to be filled with water. A
small heating element surrounding a specially indented
end cap on the hollow displacer rod is turned on at an
appropriate time. The heat weakens the indented part of

40

such as a boron substance in

filled initially with helium or other suitable gas. Then,
as reactor operation proceeds, the gas-filled rod ex-
pands and increases in length until it engages a spike
mounted on the adjacent portion of the top nozzle. The
spike pierces the upper end plug of the rod and permits
the rod to fill with water. Such approach is descnbed In
U.S. Pat. No. 4,371,495 to Marlatt. | -

Still another approach to displacement removal is to
withdraw water displacer rods at the desired time by
using a drive mechanism. This approach is described 1n
U.S. Pat. No. 4,432,934 to G_]ersten et al. |

While all of the above-cited prior approaches operate
reasonably well and generally achieve their objectives
under the range of operating conditions for which they
were designed, a need still exists for an alternate ap-
proach to the problem of moderator displacement
which is simpler, less costly and can be tailored to take
effect at the desired time during the core cycle.

SUMMARY OF THE INVENTION

The present invention provides an improved spectral
shift-producing rod designed to satisfy the aforemen-
tioned needs. Unlike the prior art approaches which
require assistance external to the rod, such as external

“heat, pressure or mechanical force, to effectuate re-

moval of moderator displacement, the present invention
utilizes an interactive mechanism composed of one
component contained internally within the rod and
another component forming a part of the rod. The com-
ponent within the rod is a burnable poison material,
a form which 1s water
soluble, which generates helium gas; the component
forming a part of the rod is a region thereof specifically
fabricated to fail when the helium gas within the rod
reaches a given high internal pressure. Preferably, the
region-is a thinned or weakened, rupturable disc-like
portion of one of the end plugs of the rod.

‘By relying on the above-described interactive mecha-

- nism to effect removal of moderator displacement, the

45

improved spectral shift-producing rod of the present
invention can be tailored as desired to fit the particular

* conditions prevailing in the fuel assembly. For instance,

50
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by varying the initial internal pressure within different

~ groups of the rods in the fuel assemblies, it would be

possible to have the different groups of rods rupture at
different times in the core cycle. In such manner, re-

“moval of water displacement can be phased-in in incre-

ments. The same result, gradual incremental removal of
displacement, can also be achieved by varying the ple-
num volume of different groups of the rods. In sum-
mary, by properly varying these two parameters—ini-

~ tial internal pressure and plenum volume—of the rods,

it is possible to add moderator water which increases

60
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reactivity as desired during the core operating cycle.
Accordingly, the present invention sets forth in a fuel
assembly for a nuclear reactor including an organized
array of nuclear fuel rods and moderator/coolant liquid
flowing along the fuel rods, at least one improved spec-
tral shift-producing rod disposed among the fuel rods of
the assembly. The improved rod includes: (a) an elon-
gated hollow hermetically-sealed tubular member; (b) a
weakened region formed in a portion of the tubular
member which is subject to rupture at a given level of
high internal pressure; and (c) a burnable poison mate-
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rial contained in the tubular member which generates
gas in the tubular member as operation of the reactor
proceed and is soluble in the moderator/coolant liquid
when brought in contact with the same. More particu-
larly, the tubular member is formed by a tubular body

and a pair of end plugs attached to opposite ends of the
body so as to hermetically seal the same. The weakened

region in the member preferably takes the form of a
thinned disc-like portion formed in at least one of the
end plugs.

Ordinally, a plurality of the improved spectral shift-
producing rods is utilized in the fuel assemblies of the
reactor. Each improved rod initially acts as a fixed
burnable neutron absorber having the desired nuclear
characteristic for proper moderator temperature coefti-
cient and power distribution control. The water soluble
boron material within the rod depresses power initially
by absorbing neutrons. As generally known per se,
when boron absorbs neutrons it transmutes to lithium
and helium gas. The helium gas generated increases the
internal pressure within the absorber rod. When the
internal pressure exceeds the rupture strength of the
weakened region of the rod, the hermetic seal is broken.
This allows moderator water to enter the rod, contact
the boron material therein and gradually dissolve the
same so that eventually the rod is filled with reactor
coolant/moderator water. The net result 1s that when
the rod ruptures a spectral shift occurs because the
amount of moderator water within the particular fuel
assembly is increased. The increased moderation pro-
vides extra reactivity within the fuel assembly which
enhances the life and energy output of the fuel assem-
bly.

These and other advantages and attainments of the
present invention will become apparent to those skilled
in the art upon a reading of the following detailed de-
scription when taken in conjunction with the drawings
wherein there is shown and described an illustrative
embodiment of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

In the course of the following detailed description,
reference will be made to the attached drawings in
which:

FIG. 1 is an elevational view, partly in section, of a
fuel assembly which incorporates at least one of the
improved spectral shift-producing rods of the present
invention, the assembly being illustrated in vertically
foreshortened form with parts broken away for clarity.

FIG. 2 is an enlarged, vertically foreshortened, sec-
tional view of the improved rod being illustrated with
the moderator soluble, burnable poison present therein
prior to rupture of the weakened portion of the rod.

FIG. 3 is a view similar to that of FIG. 2, but illustrat-
ing the rod after rupture of the weakened portion and
filling of the rod and dissolution of the remaining poison
material by moderator water. .

FIG. 4 is another view similar to that of FIG. 2, but
showing, as an alternative, the improved rod disposed
in one of the control rod guide thimbles of the fuel
assembly which is illustrated in fragmentary form.

DETAILED DESCRIPTION OF THE
INVENTION

In the following description, like reference characters
designate like or corresponding parts throughout the
several views of the drawings. Also, in the following
description, it is to be understood that such terms as
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“forward”, “rearward”, “left”, “right”, *‘upwardly”,
“downwardly”, and the like, are words of convenience
and are not to be construed as limiting terms.

IN GENERAL

Referring now to the drawings, and particularly to
FIG. 1, there is shown an elevational view of a fuel
assembly, represented in vertically foreshortened form
and being generally designated by the numeral 10. The
fuel assembly 10 is the type used in a pressurized water
reactor (PWR) and basically includes a lower end struc-
ture or bottom nozzle 12 for supporting the assembly on
the lower core plate (not shown) in the core region of a
reactor (not shown), and a number of longitudinally
extending guide tubes or thimbles 14 which project
upwardly from the bottom nozzle 12. The assembly 10
further includes a plurality of transverse grids 16 axially
spaced along the guide thimbles 14 and an organized
array of elongated fuel rods 18 transversely spaced and
supported by the grids 16. Also, the assembly 10 has an
instrumentation tube 20 located in the center thereof
and an upper end structure or top nozzle 22 attached to
the upper ends of the guide thimbles 14. With such an
arrangement of parts, the fuel assembly 10 forms an
integral unit capable of being conventionally handled
without damaging the assembly parts.

As mentioned above, the fuel rods 18 in the array
thereof in the assembly 10 are held in spaced relation-
ship with one another by the grids 16 spaced along the
fuel assembly length. Each fuel rod 18 includes nuclear
fuel pellets 24 and the opposite ends of the rod are
closed by upper and lower end plugs 26,28. The fuel
pellets 24 composed of fissile material are responsible
for creating the reactive power of the PWR. A liquid
moderator/coolant such as water, or water containing
boron, is pumped upwardly through the fuel assemblies
of the core in order to extract heat generated therein for
the production of useful work.

To control the fission process, a number of control
rods 30 are reciprocally movable in the guide thimbles
14 located at predetermined positions in the fuel assem-
bly 10. Specifically, the top nozzle 22 includes a rod
cluster control mechanism 32 having an internally
threaded cylindrical member 34 with a plurality of radi-
ally extending flukes or arms 36. Each arm 36 1s inter-
connected to a control rod 30 such that the control
mechanism 32 is operable to move the control rods 30
vertically in the guide thimbles 14 to thereby control
the fission process in the fuel assembly 10, all in a well-
known manner.

IMPROVED SPECTRAL SHIFT-PRODUCING
RODS

In the operation of a PWR it is desirable to prolong
the life of the reactor core as long as feasible to better
utilize the uranium fuel and thereby reduce fuel costs.
To attain this objective, it is common practice to pro-
vide an excess of reactivity initially in the reactor core
and, at the same time, provide means to reduce excess
reactivity at the early stage of the core operating cycle
and then to increase reactivity later on.

The present invention relates to a spectral shift-pro-
ducing rod 38 which controls reactivity in an improved
manner. While only one rod 38 is illustrated in FIG. 1,
it should be understood that preferably a number of
such rods would be employed in the fuel assembly 10.
As best seen in FIG. 2, the improved rod 38 includes an
elongated hollow hermetically-sealed tubular member
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40 having a burnable poison material 42 contained
therein which generates gas as operation of the PWR

proceeds. The poison material 42 is preferably a boron

substance, e.g., BoO3, H3iBO; (boric acid), Li;B407,
LiBO», or K»B4O7, 1n a form which becomes soluble in
the moderator/coolant liquid when the hermetic seal 1s
broken and the substance is brought in contact with it.
‘The boron substance can be in solid or liquid form such
as boric acid solution. Also, the boron could be in a
loose powder form, compacted form, or high density
compacted and sintered form.

The hollow tubular member 40 is formed by a tubular
‘body 44 and a pair of upper and lower end plugs 46,48,
all of which can be composed of any suitable material
such as zirconium-based alloy. The tubular member 40

includes a weakened region formed in a portion thereof

which is subject to rupture at a given level of normally-
~ expected mgh internal pressure, such as will be eventu-
| ally produced as gas is generated in the member by the

poison material. Thus, it is clear that the given level of 20

internal pressure at which the weakened region is sub-
ject to fracture is designed to be less than the maximum
level of internal pressure normally expected to be gen-
~ erated within the member 40 by the poison material 42
by normal operation of the reactor. While the weakened
~ region can be located at various places on the member,

10
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some uncertainty as to the process time when rupture
would occur, the precise time is not too critical since
there would be statistical variation so that relatively
small reactivity changes can easily be accommodated
by control rod movements or changes in coolant boron
concentration or flow.

It 1s thought that the improved spectral shift rod of
the present invention and many of its attendant advan-
tages will be understood from the foregoing description
and 1t will be apparent that various changes may be
made 1n the form, construction and arrangement thereof
without departing from the spirit and scope of the in-
vention or sacrificing all of its material advantages, the
form hereinbefore described being merely a preferred
or exemplary embedlment thereof.

I claim:

1. In a nuclear reactor having fuel assemblies and a
moderator-coolant liquid flowing through said fuel
assemblies, each fuel assembly including an organized
array of nuclear fuel rods wherein said moderator-coo-
lant hiquid flows along said fuel rods, at least one im-
proved spectral shift-producing rod disposed among

- said fuel rods, said Speetral Shlft -producing rod com-

25

it preferably takes the form of a thinned disc-like por-

tion S0 formed centrally 1n the lower end plug 48.
Thus, the improved rod 38 initially acts as a fixed
burnable neutron absorber for controlling initial excess
- reactivity. The water soluble boron material 42, within
the hollow tubular body 44 of the rod 38, depresses

30

- power initially by absorbing neutrons. But as the boron

absorbs neutrons 1t transmutes to lithium and helium
gas. The helium gas so generated increases the internal
pressure (for example, from an level of less than 1200 psi
at room temperature) within the absorber rod. When
the internal pressure exceeds the rupture strength of the

35

thinned disc-like portion 50, it ruptures and the her-

metic seal is broken, as seen in FIG. 3. This allows
moderator/coolant water to enter the rod 38, contact
the boron material 42 therein and gradually dissolve it
so that eventually the rod 1s filled with moderator wa-
ter. Thus, the rupture of the rod causes a spectral shift
to occur because the amount of moderator water within

- the particular fuel assembly 10 has now increased. In-

creased moderation provides extra reactivity within the
- fuel assembly which enhances the life and energy out-
put of the fuel assembly.

FIG. 4 merely illustrates the disposition of the im-
proved rod 38 in one of the guide thimbles 14 in place of
a control rod. It could be connected to one of the arms
36 of the control mechanism 32.

It will be readily appreciated that the improved Spee'-
tral shift-producing rod 38 can be tailored as desired to
match the particular conditions prevailing in the fuel

40
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50

prising:

(a) an elongated hollow hermetleally sealed tubular |
‘member; -

(b) a weakened region formed in a portion of said
‘member, said portion being subject to rupture at a

given level of internal pressure; and

(c) burnable poison material contained in said mem-
“ber which generates gas in said member as opera-
tion of the reactor proceeds normally, said material
being soluble in said moderator-coolant liquid
when brought into contact therewith;

(d) said glven level of internal pressure being less than
the maximum level of internal pressure normally
expected to be generated within said member by
said poison material by normal operation of said
reactor. .

2. The spectral shlft-producmg rod as recited in claim

1, wherein said weakened region of said tubular mem-
ber takes the form of a thinned portlon formed in an end
of said member.

- 3. The spectral shlft-preducmg rod as recited in claim
1, wherein said tfubular member 1s formed by an elon-

‘gated tubular body having opposite ends and a pair of

end plugs attached to said opposite ends of said body SO
as to hermetically seal said body.

4. The spectral shift-producing rod as recited in claim
3, wherein said weakened region of said tubular mem-
ber takes the form of a thinned disc-like portmn formed

" in at least one of said end plugs.

55

assembly. For instance, the rod can be designed to rup-

ture at the desired time during the core operating cycle

by varying the plenum volume of the rod and/or by
varying the initial internal pressure within different
ones of the rods. By properly varying these two param-
eters, it 1s possible to add moderator water which in-
creases reactivity as desired during the cycle. For exam-
ple, it would be possible to have 25% of the spectral
shift-producing rods rupture 40% through the cycle,
35% of the rods rupture approximately 60% through
the cycle and the remaining 40% of the rods rupture at
about 80% through the cycle. Although there would be

60
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- 8. The spectral shift-producing rod as recited in claim

-1, wherein said tubular member is hermetically sealed

containing a desired predetermined elevated initial 1n-
ternal pressure so as to tailor said rod such that its weak- -
ened portion will rupture at a generally known time
during normal operation of said reactor.

6. In a nuclear reactor having fuel assemblies and a
moderator-coolant liquid flowing through said fuel
assemblies, each fuel assembly including an organized
array of nuclear fuel rods wherein said moderator-coo-
lant liquid flows along said fuel rods, at least one im-
proved spectral shift-producing rod disposed among
said fuel rods, said spectral shlftnpreducmg rod com--
prising:

‘(a) an elongated hollow hermetically-sealed tubular

member formed by an elongated tubular body hav-
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ing opposite ends, and a pair of end plugs attached
to said opposite ends of said body so as to hermeti-

cally seal said body;

(b) a weakened region formed in a portion of said
member, said portion being subject to rupture at a
given level of internal pressure, saild weakened

region being in the form of a thinned disc-like por-
tion form in at least one of said end plugs; and

(c) burnable poison material contained in said mem-
ber which generates gas in saild member as opera-
tion of the reactor proceeds normally, said material
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being soluble in said moderator-coolant liquid
when brought into contact therewith;

(d) said given level of internal pressure being less than
the maximum level of internal pressure normally
expected to be generated within said member by
said poison material by normal operation of said
reactor;

(e) said tubular member being hermetically sealed
containing a desired predetermined elevated initial
internal pressure so as to tailor said rod such that 1ts
weakened portion will rupture at a generally
known time during normal operation of said reac-

tor.
X ok Kk kK
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